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ABSTRACT 

The use of calculators and computers in tiie schools 
is prcmotedi It is stated that_ should be used in the 

mathematics classroom as soon as basic operations are understood. A 
point is made that calculatprs are no greater a threat ta "learning 
the fundamentals" than slide rules ^ which have. bean available for 
oyer 350 years. It is recommended that school districts adopt a 
policy with guidelines in regard to the use/ of calculators, and that 
calculators he used as tools to reinforce the basic skills^ net as 
substitutes. Calculators can bfe used to facilitate the use of 
comparison and estimation in problem solving, including real life 
situations^ at ail levels, and to teach children critical thinking. 
The use of the programmable' calculator in a creative. way is promoted 
and several example problems that can be quickly explored with the 
use of the programmable calculator are presented, (fjf| 

I ; 



ED 191 7<»d 



aOTHOB 
TITLE 

INSTITDTION 
SPONS AGENef 
P9B DftfE 
SRftNT 
NOTE 



* Reproductions supplied by EDES are the best that ean be made ♦ 
* f roe the briqinal dbcumeht^ * 



o 
iu 



THE eAteUtATQR IN THE CLASSROOM: 
REVOLUTION OR REVELATION? 



by 



US DEPA^TMENTUF HE ALTH. 
EDUCATION & WELFARE 
NAtlOoiAL LMS-tlTOTE OP 
EDUCATION 

s ror'./'V ::n ■ jhas been repro- 

bJc2f» •'A/iCTLY AS R EC iE IV ED -PROM 
tMt P wSa^- CPf 0'<r,ANt7 . T':ON 0.8lGJL>i- 
ATI^ O I POlM 1. OF V'h vV OR OPjNlONS 
STATEU no NOT NECES'^^RiLY REPRE- 
S£_N t Ot f J, ( 1 6L NA VlOHJS L iNS T ; T_U T E OF 
VOUCAT ON ^J'OSlTlON On POLICY 



Leonard E. Etlinger^ Associate Professor 
of Gurriculuffi arid Instruction and 
Director of Teacher Corps 
Chicago State University 

Sarah Krull , Director of Teacher Corps ^ 
St. LbUis University 



Jerry Sachs_, Past President of 
Northeastern Illinois University 



•'PERMiSSlbN TO REPRODUCE THJS 
MATERIAt HAS BEEN GRANTED BY 




MEL 



Theodore _J, Stolarz^ Professor of Psychology 
Chicago State University 



TO THE EbUCATidNAL RESOURCES 
INFORMAT'ON CENTER (ERIC)." 



Introductory CoDnnent (Please include - 

may be a fbbtriote) 



to 



CO 

O 



This material was preiiared with the support of the___ 
National Science Fotthdatiori Graftt Number SER 78 -13:":'±b . 
Any opinions i findings, conclusions or recommendations 
expressed herein are those of the authors and do not 
necessarily reflect the views of the National Science 
Foundation. In the operation of this and other pro- 
jects, Chicago State Uni\^ersity has not and will not 
discriminate against any person on the grounds of sex, 
age, creeds color,' or national origin. 



THE eALeUtftTOR 'IN THE eLASSROOM: 
- REVOLUTION OR REVELATION? 



I was an elerriehtary school student in' the late_ 
1930 's and attended the Ernest Prussirig Elementary Schbdi 
in efiicago^s far ftorthwest side* It was a rather hew 
school then. It had an excellent reputation for 
achievement and, as I recall, it was provided with the 
■ best.of everything that could be provided during the great 
depression. We had one of the first "adjustment teachers" 
in Chicago and I remember taking a lot of tests that 
ultimately^ resulted in my sRippirig a grade. But what I 
noticed about the adjustment teacher (apart from the 
fact that she was an attractive young woman) was 
that she used a stopwatch and a slide rule. it was the 
first time in my life that I had seen such things. I 
remember that I had to build up my courage to ask her about 
them and she demonstrated them to me. I had no 
use for a stopwatch^ but a ruler that could do arithmetic 
seemed like a miracle. I had to have one. 

- Ted Stblarz 

The microelectronic revolution is with us and the world 
will never be the same as it was before it started. That magic 
ruler that could do arithmetic is now bbsblete. The hand- 
held pocket calculator can do everything the slide-rule could 
arid more. Calculators can do arithmetic, algebraic, 
trigonometric and statistical ebmputatibris arid do them faster 
than they can be done by the algorithms most students learn 
in school. Whs^t is more they operate with an amazing degree 
of accuracy. 

There are those who are disturbed by this arid who feel 
that children should not be allowed to^ use calculators 
because if they do they will not learn the basic operations of 
arithmetic. The danger is there, or course, but the calculator 
when used wisely under the direction of gbbd teachers cari 
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generate interest in learning the facts and skills of mathematics 
Once these skills are learned the calculator^ especially the 
prbgraminable brie^ can take a great deal of the drudgery out 
of cdmputatidhi 

To illustrate this point consider the "ruler that could 

do arithmetic." The slide rule^ which has been available for 

" _ _ \ _^ _ 

over 350 years^ makes a number of calculations quite easy. 

Ahd^ until the recent advent of the hand-held calculator / it 

was always standard equipment for engineering and science 

students. The same fear that today aecbmpahies the idea of 

using ealeulatdrs in the classroom also was prevalent when 

the slide rule began "taking over" the calculating process. 

But the slide rule did not destroy students' ability to 
do fundamental operations Ibhghandi It did not destroy 
their ability to do computation without it because to use 
the instrument skillfully^ one had to know Lhe process. 
The slide rule simply gave an apprbximatibh tb the answer 
withbut sbme bf the long computation. 

Just as the slide rule did not destroy computational 
ability, the calculator will not do* so either if used properly. 
Many facets of rhathemati ::s can be enhanced arid suppbr ted by 
the use of calculators^ especially the processes of estimation 
and approximation (for which the slide rule was often usSdj . ; 

For example, a good teacher of small children, or older 
children, or adults will make certain that students undecstarid 
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Once this process is understodcJ, a calcuiator can be 
used to perform all those dreary, time-consuming calculatidhs i 
This testing then becomes easy arid guick and the method 
needs nothing except ah understanding of what brie is looking 
for. It makes the complicated arithmetic algbrithm useless 
arid gives the added advantage of keeping before the person 
doing the wbrk^ the meariing of square irdbt. 

Thus, the calculator shouia-be used iri the classroom 
for mathemtatics as soon as basic operations are understood. 
It is useless arid discouraging to forbid the use of them. 
What the teacher shbuld try to do is to make use of them 
in a helpful manner. When a child does a computation ^ ask 
him to check it by using the calculator. Stress the idea that 
the calculatbr is bnly as good as the person running it so 
that to use it skillfully the child must be able to tell 
it what to do. This in itself requires that he understand 
what must be done. 

The fact is, caiculatbrs are here to stay arid children 
of all ages now take them for granted. The question is riot 
"will we make use of calculators in the schools?**. It is, 
"How will we db sb?"i Perhaps the key here is not in the 
ordinary calculator that performs operatibris that most 
people can perform by hand. Of greater significance is the 
programmable calculator. The programmable calculator introduces 
a new mental process arid prbvides the opportunity to develop 
in 'Students a method of thinking that will prbve tb be of 
great value as they face the world of the future. ^ 



A programmable calculator is an instrument which can be 
taticjht to do more than a single operation, it can "learn" 
to do a sequence of operations and it can "learn" to do a ^ 
single operatibri or a sequence of operations over and over 
again indefinitely or a set number of times. It can "learri" 
a complicated sequence in which it does one part over and 
over a set number of times or until a predetermined value 
has been reached and then goes on to do other things. It can 
store information in what are called memories and recall 
whatever is needed for use whenever it is needed* This 
means that the programmable calculator f unlike the ordinary 
calculator, can do sophisticated operations without needing 
the operator to initiate each step. 

However^ it does these things only if one can "teach" 
it to do so. 0ne must make the calculator "learn" the ; 
separate steps in a sequence. Every mathematical step is 
possible on a non-programmable calculator. But the advantage 
of the programmable calculator is its ability to "learn" 
to do many operations with processes not possible on a non- 
programmable calculator. It is important to note that if 
one does hot understand the process he is trying to program, 
the programming is a hopeless task. The programmer must identify 
. and plan sequential steps for solving the problem as well as 
plan the order of arithmetic operations. Thus with the 
programmable calculator, even more than with ah ordinary, 
calculator, the thinking process of the user is primary if he 
is to build his own program. 
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Most of the applications of mathematics to real problems 
involve several operations. The programmable ealeulatbr 
permits us to address many different real problems without 
spending hours and hours in Ibrigharid cbmputatibn. In 
addition, the use of the programmable eaieulatbi: helps 
to develop skills in designing algorithms fbr the solution 
of problems which reeur with different inputs. These 
skills will be as essential in the twenty-first century 
as basic arithmetic. 

The programmable calculator or computer can also 
enable a person to use a special program (prepared by 
experts in a certain field) to do a ebmplex pperation^he 
earinbt db Ibhghand. For example, there are statistical 
packages which can be very useful in providing results 
which are meaningful tb the user even though he does not 
have the statistical training to do the computation br program 

the calculator i 

The use of the prbgrammable calculator in a creative 
way (i.e., having the user develop his own programs) ; is 
preferred bver using the calculator or computer to r,Un 
existing programs. Several examples of creative uses of 
the programmable calculator can be made. Fbr instance, studen 
can gain several gebmetric insights by using a pr ograininable 
calculator. Suppose there are youngsters at the lev6i of 
using basic geometric fbrmulae for lengths, areas and volumes i 



Consider the^e problems for the student to explore: 

i. How does the area of a circle of diameter d 

compare with the area of a square of side d? Try 
several cases and see if you can get a geheralizatibn. 
Look at the formulae and see if the generalization 
^ makes sense. ) 

=ffd'^/4 and = d^- 

7f/A ^ ^, therefore^ is a little more 

than 3/4 of 

2i What happens to the perimeter arid area of a square ^ 

__ • ... . 'I 

rectangle^ circle if ail basic dimensions are 1 

doubled? Tripled? bo the same for volume formulae. 

3i If v/e have a rectarigular box of fixed volume 
made out of sheet metal, what dimensions will 
make the area of the sheet metal a minimum? 

4. You have a can in the shape of a cylinder ^made of 
sheet metal. If the volume is fixed , what raditis 
arid height- will made the amount of sheet metal a 
rriihirrium? 

These problems can be quickly explored with the use o£^ 
a programmable calculator. First, the student must know 
how to use the formulae required. Next he must tell the 
calculator how to use the f6rmulae-—that is, what sequence 



of steps it must taRe to arrive at a solution. Once 
this is achieved, the student experiments with different 
inputs to arrive at the final conclusion. 

::: The programmable calculator should be introduced as 
sbdri as the child. is faded With problems which occur 
frequently or which require more than a single step. 
This will happen not only in the computation but also in 
the application 6f mathematics to real problems such as 
interest/ ihstallrnent buying, cost comparisons, etc. 

The use' of t-he ^rSgrammable calculator will not only 
make computation • les| tiresome, it will also allow the child 
to learn simple programming at ah early date. Computers and 
their programs affect everyone in many ways. In the near 
future it will be as natural for one to understand how to 
use programming as it is how to understand spbReh and written 
language. In the secondary schools it will become essential 
to give many if not most students some hands-on experience 
with microprocessors. The present generation of professional 

- h - . 

men and women, business people and skilled workers has a 
handicap because the computer, its uses and its languages 
were not a part of their early experience. Those who have 
had to learn this later have not had the advantage b£ an 
early ihtrbduetibh.' Even more serious' is the problem of 
those who must blindly use the results without any understanding 
of how they came about or^ in thei. case of mahagiheht^ make 

i 
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decisions affecting computer operations with only a smattering 
of knowledge about whnt they do and how they do it. This 
generation, those in school ribw^ must be given some back- 
ground on this tool which they find everywhere in their 
livesi 

It is obvious that the calculator^ especially the 
programmablel calculator ^ has much to offer mathematics students 
of any age. The following redbmmendations are made to 
promote and encourage the use of the calculator; in the 
classroom. 

it i$ recommended that: \ ' 

1. Galculatdrs be used in our schools. 

\ 

^ 2. School districts adopt a policy with guidelines in 
in regard to the use of calculators. 

3. Calculators be used as tools to reinforce the 
basic skills, not as substitutes for teaching the 

\ basics. 

4. Calculators Be used: 

to facilitate the learning of basic arithmetic skills 
at all levels. 

to facilitate the use of comparison in problem solving 
at all levels.^ 

to facilitatp_ the . use of estimation in problem 
solving at all levels* 

to facilitate problem solving in real life situations 
at all levels. \ 

5. Emphasis in calculator programs should be' to teach 
children critical \ thinking. Calculators enhance 
critical thinking \by: 
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reinforcing the basic skills, 
helping in the basic skills of reasoning. 
reinforcing the thinking process, 
reinforcing problem solving ability, 
promoting logical thinking, 
encouraging creative usages 
n: , providing stimulation and motivation. 
. helping to develop number sequencing concepts, 
aiding in discovering mathematical concepts i 

All of this has important implications for teacher 
educations It is essential that those who will teach future 
citizens be prepared to iritroauce them to the^tbbls which 
they will use and which will affect their lives in so many 
ways, it is suggested that elementary school teachers 

requi red to learn how to u^e a calculator and be urged to 

\ 

learn how to use a programmable 6he» "Secondary, school 
teachers should understand ho^, to employ the programmable 
calculator as well as the microprocessor or mihicpmputer ^ 
The responsibility for this training will have to be 
assumed by the universities, ftlthough there will.be' 
specialists who can teach the advanced material most if riot 
all teachers will have to have some backgrbuhd knowledge. 
At the mdmerit it looks as though the universities will have 
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to be sure that experience in the use of hand calculators^ 
prbgramnjable and otherwise, plus experience in the use of 
microprocessors and main-frame computers is available to ^^1 
who deiiire it.: Further, it will be the responsibility of 
the universities to encourage all students to get at 
least miriimai :tr aihing with such equipmenti 

It is difficult to predict what the future will 
bring. The revolution in miniaturization, along with 
decreasing costs, will uridoubtedly produce new wonders in 
the next few years. Whatever is made available in schools 
and colleges should reflect what is availaBle on the market 
and in general use. The equipment purchased in the present 
should be minimal arid consistent with good usage so that 
schools can take advantage, of new developments. In short 
we are entering a new age.. It is hoped that in education 
we will enter it with enthusiasm arid riot be dragged into 
it reluctantly. 
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